Abstract -Interspecific crosses between two species of the Turnera ulmifolia complex with yellow flowers have been carried out. As a result, two hybrids were obtained: T. krapovickasii (K 4 ) x T. ulmifolia (U), 2n=4x=20 and T. ulmifolia (U) x T. krapovickasii (K 5 ), 2n=5x=25. The hybrids were cytologically studied in order to determine their genomic relationships. The chromosome pairing data of hybrids indicates that T. ulmifolia is a segmental allopolyploid and, on the basis of the results obtained, the genomic constitution A u A u B a B a B u B u is proposed for this species. The cytological analysis of the tetraploid hybrid has also revealed the presence of PMCs with 2n=40 that should have been formed by pre-meiotic chromosome doublings and would give rise to the formation of fertile 2n gametes. From this finding, it is suggested that, in the genus Turnera, unreduced gametes may result from at least two mechanisms: (1) premeiotic doubling and (2) meiotic nuclear restitution.
INTRODUCTION
Detailed chromosomal investigation constitutes part of a long-term project on evolution in the genus Turnera, which has been in progress at the Instituto de Botánica del Nordeste, and has examined the role of polyploidy in the evolution of the Turnera species.
The genus Turnera, as treated by URBAN (1883), consists of 9 series and comprises about 100 species, which are distributed from southern United States to central Argentina, with two species extending out to Africa. Adventive populations of T. angustifolia and T. subulata were also reported as ruderal in Asia and Oceania (BACKER 1951; BARRETT 1978 ).
Previous publications have described the basic karyology of Turnera, chromosome numbers have been reported for 35 species (RAMAN and KESAVAN 1964; HAMEL 1965; BARRETT 1978; AR-BO and FERNÁNDEZ 1983; BARRETT and SHORE 1987; FERNÁNDEZ 1987; SOLÍS NEFFA and FER-NÁNDEZ 1993, 2001 ). The basic chromosome number x= 7 was found in the Salicifolieae, Stenodictyae, Mycrophyllae and Leiocarpae series and is clearly the most common, x= 5 was found in the Turnera (= Canaligerae) series and x= 13 in the Papilliferae (FERNÁNDEZ 1987) .
Cytological investigation has shown the occurrence of diploid to decaploid populations, that may be autopolyploids as well as allopolyploids (RAMAN and KESAVAN 1964; BAR-RETT 1978; ARBO and FERNÁNDEZ 1983; SHORE and BARRETT 1985; FERNÁNDEZ 1987) . From these studies it is apparent that polyploidy has played an important and sometimes dominant role in speciation within the genus. In addition, a detailed karyotype analysis carried out in 22 species suggests that chromosome rearrangements may also be involved in the chromosome evolution of these species (SOLÍS NEF- FA and FERNÁNDEZ 1993, 2002; SOLÍS NEFFA 1996) .
Cytogenetic studies have been particular detailed in the Turnera series, focusing on taxonomy and phylogenetic relationships. This series presents the most complex floral structure in the family and is made up of about 22 species, which are divided into two groups by their seminal features (ARBO 1986) . One of the groups constitutes the T. ulmifolia complex while the other comprises the remainder species (FERNÁNDEZ and ARBO 1989) .
Turnera ulmifolia complex is native throughout the Neotropics from Mexico to Argentina. URBAN (1883) recognised more than 10 varieties with yellow and blue flowered forms, which can be either heterostylous or homostylous. Most of these varieties were latter recognised as independent taxonomic species (BACKER 1951; ARBO 1985) , which was also supported, by cytological data (FER-NÁNDEZ 1987; FERNÁNDEZ and ARBO 1989 , 1990 , 1993a and karyotype analysis (SOLÍS NEFFA and FERNÁNDEZ 1993; SOLÍS NEFFA 1996) .
Owing to crossability studies, chromosome pairing and pollen fertility analysis in F 1 hybrids are useful in assessing species relationships and phylogeny, since 1982 a controlled crossing program within this series has been carried out. Several interspecific hybrids have been obtained and, as a result of cytogenetic studies, the genomic relationships of some species have been analysed (FERNÁNDEZ and ARBO 1989 , 1990 , 1993a , 1993b , 1996 , 2000a , 2000b FERNÁNDEZ 1997) . Since no hybrids were obtained in crosses between yellow-flowered and blue-flowered diploid species (SHORE and BARRETT 1985; ARBO and FER-NÁNDEZ 1987) , both groups of species were considered genetically isolated from one another. It was proposed that all yellow-flowered species share the same basic genome A (FER-NÁNDEZ and ARBO 1989), while all blue-flowered have the basic genome C (FERNÁNDEZ and ARBO 1996) .
In order to clarifying the genomic relationships among members of the Turnera ulmifolia complex, in this paper we report data on chromosome pairing and pollen fertility of progenitors and F 1 hybrids between two yellow flowered species, T. krapovickasii Arbo with diploid (2n = 2x = 10) as well as autotetraploid (2n = 4x = 20) cytotypes, and T. ulmifolia L. sensu stricto (2n = 6x = 30). 
MATERIALS AND METHODS
A crossing program was undertaken on plants growing under greenhouse conditions during 1987-2000 year period. All accessions used as progenitors in the present study are indicated in Table 1 along with their codes, chromosome numbers and localities. Chromosome numbers for the plants used as progenitors were obtained from our own determinations, as well as from FERNÁNDEZ (1987) . Voucher specimens are deposited in the herbarium of the Instituto de Botánica del Nordeste (CTES), Corrientes, Argentina.
Hybrids were obtained according to FERNÁNDEZ and ARBO (1989) . Flowers used as female progenitor were emasculated prior to pollination with anthers of plants selected as male progenitor. Pollinated flowers were individually marked indicating the pollen donor. Maturing capsules were wrapped in small tulle bags to prevent loss of seeds during dehiscence. Development of the seed capsules lasted approximately twenty days, after which seeds were collected. The seeds were sown in individual pots; developing seedlings were transferred to bigger pots and raised in greenhouse.
Meiotic chromosomes were examined in pollen mother cells (PMCs) of young buds, fixed in 5: 1 absolute ethanol -lactic acid (FERNÁNDEZ 1973) for 12 h at 4°C and stored in 70% ethanol at 4°C. Anthers were stained using the Feulgen technique and squashed in 3% aceto -orcein. Somatic chromosomes were studied in root tip obtained from germinating seeds, which were pretreated in 8-hydroxyquinoline 0.002 M for about 3 h at 18º -20ºC, then fixed in 5: 1 absolute ethanol -lactic acid overnight, stored in 70% ethanol, stained using the Feulgen´s technique and squashed in 3% aceto -orcein. Slides were made permanent in Euparal by mean of BOWEN's (1956) method. In order to estimate pollen viability, pollen stainability was also estimated using carmine-glycerine (1:1). At least 300 grains per flower were counted.
RESULTS AND DISCUSSION
In this work, interspecific crosses have been carried out between two allopatric species of the T. ulmifolia complex, T. krapovickasii and T. ulmifolia, both with yellow flowers. From a cytological point of view, T. krapovickasii exhibits diploid (2n= 2x= 10) and autotetraploid (2n= 4x= 20) cytotpes, whereas T. ulmifolia is an hexaploid (2n= 6x= 30) (FERNÁNDEZ 1987) .
The karyotype of the diploid cytotype of T. krapovickasii, as the other diploid species of Turnera series, is constituted by 8 metacentric (m) and 2 submetacentric (sm) pairs of chromosomes which is considered the fundamental karyotype (SOLÍS NEFFA and FERNÁNDEZ 1993; SOLÍS NEFFA 1996) . The autotetraploid cytotype of this species exhibit the same karyotype as diploid but at a tetraploid level. However, as tetraploid showed smaller chromosomes and more karyotype symmetry than diploid, it was suggested that chromosome rearrangements would have occurred after polyploidization (SOLÍS NEFFA and FERNÁNDEZ 1993) . In T. ulmifolia, the karyotype is composed by 24 m + 6 sm (SOLÍS NEFFA and FERNÁNDEZ 1993) . Both species may be differentiated by the type and position of satellites since T. krapovickasii bears a macrosatellite on a m-pair, while T. ulmifolia has one sm pair with microsatellite (SOLÍS NEFFA and FERNÁNDEZ 1993) .
As a result of the crosses between both species, 88.89% of them yield no seeds, while 91 seeds have been recovered from crosses involving accessions K 4 and K 5 as one of the parents. However, there were differences in reciprocal crossability, since certain crossing combinations yielded higher seed set in one direction than reciprocal ( Table 2) .
The presence of asymmetry in interploidal crosses was also reported in other Turnera species (SHORE and BARRET 1985; ARBO and FERNÁNDEZ 1987) . In this sense, several researchers have found that more seed is produced when populations at a higher ploidy level are used as maternal parent than the reverse (STEBBINS 1958; WOODELL and VALENTINE 1961; OCKENDON 1968; LEVIN 1971) . Different hypotheses have been proposed to explain such difference and there is a general agreement that the ploidies of an embryo and/ or its associated endosperm are the critical factors influencing successful seed development (see review in RAMSEY and SCHEMSKE 1998). However, from our results it may be seen that these hypothesis would only explained the differ- ences in seed set observed in 6x x 4x cross (Table 2) . Meiotic analysis carried out in this paper as well as in a previous study (FERNÁNDEZ 1987) showed that meiotic behaviour of the progenitors was normal. T. krapovickasii (K 4 ) and T. ulmifolia had 5II (Fig. 1) and 15II, respectively, meanwhile the tetraploid cytotype of T. krapovickasii (K 5 ) always presented cells with tetravalents (Table 3) .
The cytological analysis of the tetraploid hybrid K 4 x U (2n= 4x= 20) has revealed the presence of PMCs with 20 and 40 chromosomes. In the PMCs with 2n= 20, 15 different configurations at MI were found, being the most frequent 6I + 7II (20%) and 4I + 8II (17,5%, Fig. 2 ). Trivalents were found in 12,5% and tetravalents in the 5% of the analysed cells. Meanwhile, of the 128 PMCs with 2n= 40 examined at MI, 82 presented 20II (Fig. 4) . The determination of the exact stage of the remainder 46 PMCs was very difficult. These cells showed 40 chromosomes widespread in the cytoplasm that seemed to be univalents (Fig. 3) .
In the pentaploid hybrid, U x K 5 (2n= 5x= 25), a total of 30 cells were analysed. At MI, 9 different configurations were found being the most frequent 7I + 9 II and 5I + 10II. In these PMCs, the mean frequency of univalents was lower than that of bivalents (Table 3) . Other interesting observation was the presence of 5 biggest bivalents in almost all the PMCs which would correspond to T. krapovickasii. Trivalents were formed in 26.67% of the analysed cells (Fig. 5) . At MII, bridges and chromosomes out of spindles were observed (Fig. 6 ). In addition, at AI and AII laggards were present in a small proportion of cells.
Pollen stainability was assessed for both, progenitors and hybrids (Table 3 ). The tetraploid hybrid was highly sterile (5%), while the pentaploid arising from the 6x x 4x cross showed 25.37% of stained pollen.
In a previous work (FERNÁNDEZ and ARBO 1989) , the genomic constitution A k A k was proposed for T. krapovickasii. On the other hand, the chromosome pairing data of tetraploid and pentaploid hybrids obtained in this work indicate that T. ulmifolia, as the other polyploid species of Turnera series (FER- NÁNDEZ and ARBO 1990 , 1993 , 2000a , 2000b , would be a segmental allopolyploid.
Considering that in the tetraploid hybrid a maximum of 9 II are formed at MI, 5 of them would be formed by autosyndetic pairing of ten chromosomes of T. ulmifolia and the other bivalents by allosyndetic pairing of four chromosomes of T. ulmifolia with four of T. krapovickasii. This fact is indicating that the genome of T. ulmifolia is homeologous of T. krapovickasii (A k ), thus we named it A u , and that the remaining two genomes of T. ulmifolia are also homeologous, since they paired at meiosis, but they are distinct of the A u . Therefore we called those genomes B a and B u . On the basis of these results, the genomic constitution A u A u B a B a B u B u is proposed for T. ulmifolia, being A k A u B a B u and A k A k A u B a B u the genomic formulas of tetraploid and pentaploid hybrids, respectively.
Taking into account these genomic formulas, in the tetraploid hybrid bivalents observed could be formed by the allosyndetic pairing between the A k and A u genomes, and by autosyndetic pairing between the B a B u genomes of T. ulmifolia. Furthermore, in this hybrid the presence of trivalents, tetravalents and pentavalents, could be the result of translocations between chromosomes of the A and B genomes.
As judged by chromosome pairing data, in the pentaploid hybrid (A k A k A u B a B u ) at least five bivalents would be formed by the autosyndetic pairing of A k A k genomes of T. krapovickasii, while the other bivalents could be the result of autosyndetic pairing of the B a B u genomes of T. ulmifolia. Trivalents that have been observed in the pentaploid hybrid, would also be the result of a simultaneous autosyndetic and allosyndetic pairing between A k A k and A u genomes.
The finding of PMCs with 2n=40 in the tetraploid hybrid is of a great importance. These PMCs, should have been formed by pre-meiotic chromosome doublings of the microsporangium tissue cells and would give rise to the formation of fertile 2n gametes.
The cytological mechanism responsible for 2n gamete formation have been well studied (see review in BRETAGNOLLE and THOMPSON 1995) . Among the main cytological abnormalities leading to the production of 2n gametes are included: premeiotic doubling, omission of the first or second meiotic division as well as post-meiotic doubling. Furthermore, it was suggested that more than one mechanism might operate within a species and also within an individual plant (PARROTT and SMITH 1986; WERNER and PELOQUIN 1991) .
The production of non reduced gametes in plants is considered to be the dominant process involved in the origin of polyploid plants (HARLAN and DE WET 1975; BRETAG-NOLLE and THOMPSON 1995) . Unreduced gametes seem to be also involved in the origin of polyploids species of Turnera. In this genus interspecific hybrids have been obtained with non reduced gametes (FERNÁNDEZ and ARBO 1990, 2000b) , furthermore in some populations of T. sidoides triads of two microspores n and one 2n have been observed, and it was suggested that they were the results of nuclear restitution in the second division (SOLÍS NEF-FA 2000) .
Therefore, the results obtained in this paper as well as those previously obtained (FER-NÁNDEZ and ARBO 1990, 2000b; SOLÍS NEFFA 2000) suggest that, in the genus Turnera, unreduced gametes may result from at least two mechanism: (1) premeiotic doubling and (2) meiotic nuclear restitution.
